ABSTRACT: Heterobasidion spp. is considered as a major pathogen which causes butt and root rots and impairs the forest health. The increasing Earth's temperature could be favourable for Heterobasidion spp. in terms of the increased duration of dispersal period. The results of the field work showed that about 35% of visually observed stumps in the southern part of Karelia are rotten, although the laboratory analysis showed that 6% from the total number of observed stumps were infected by Heterobasidion spp. Moreover, there are evident long-term trends of increased average annual temperature and number of days per year with mean temperature above +5°C in the Republic of Karelia. It has positive effects on possible distribution of the pathogen and, consequently increased damage to the wood caused by Heterobasidion spp.
The first records concerning damage caused by Heterobasidion spp. in artificially regenerated pine stands were found in the former Russian Empire which refer to the beginning of the 20 th century. Later, when the pathogen's activity was connected with silvicultural practices, the issue concerning damage to pine stands started to be solved by many specialists from different parts of the former USSR. Current publications in Karelia evidently showed that in Kizhskiy reserve and Valaam museum-reserve from five investigated strictly protected natural reserves the existence of Heterobasidion spp. was found, in both cases the fungus was identified on spruce samples (Bondarceva et al. 2000) . In spite of that according to Krutov Heterobasidion spp. is rather a rare species which mainly specializes on old-growth and dying spruce trees Supported by the Ministry of Education and Science of the Russian Federation, Project No. RFMEFI58615X0020. (Krutov 2004) . While Zavodovskiy identified the Heterobasidion spp. occurrence on both spruce and pine dominated stands in the Pudozsky district in Karelia (Zavodovskiy 2005) .
Heterobasidion spp. belong to the major fungi causing root and butt rot, infecting Norway spruce and Scots pine. The spores of Heterobasidion spp. dispersed mainly by wind are introduced into Norway spruce fresh stumps and damaged trees by harvesting operations (Rishbeth 1951) during the warm season whenever the temperature is above 0°C. They spread by the growth of mycelium to adjacent trees via root contacts and grafts. Spores out of reach for wood tissues are not surviving in the litter layer of the soil without wood substrate, moreover soil bacteria and microorganisms concentrated mostly in the humus layer show antagonistic effects (Vasiliauskas 1981) . While infected after harvesting operations the stumps can provide psychological activity for the fungus up to 30 years (Greig, Pratt 1976) .
The incidence of decayed trees enormously varies between the stands due to differences in penetration ability, which is mainly determined by history and age of the stand, forest management and type of the soil (Stenlid 1987) . The root infection incidence is highly correlated with previous land use, e.g. stands on former agricultural lands incline to more frequent infections than stands with previous forest history (Rishbeth 1950) . Rich soils show slightly more frequent infections than poor soils. According to Vasiliauskas the soil moisture affects the incidence of infection in spruce stands, thus fresh soils (sandy, sandy-loam) contain more infection than the damp ones (Vasiliauskas 1989) ; at the same time a positive correlation was reported between the age of trees and the amount of infection, as a result in spruce stands the proportion of rotten wood was increasing (Vasiliauskas 1981) , which could indicate the infection accumulation. The incidence of rot infection is positively correlated with increasing stump diameter, while the rot frequency decreased with an increased proportion of deciduous trees in the stand (Enerstvedt 1979; Vasiliauskas 1989) . Wounded roots, stems, damage to tree crowns with simultaneous general impairment of the stand lead to the epiphytical character of infection. It spreads enormously fast to adjacent trees through the nidus of root systems (Alekseev 1969) .
According to the World Meteorological Organization the temperature on the Earth's surface has increased since measurements were first recorded in 1861 (World Meteorological Organization 2015) . Thus, during the 20 th century the increase was more than 0.6°C. According to Filatov the mean temperature has been increasing between 0.1 to 1.3°C during the period of 50 years (Filatov 2004) , from 1950 to 2000 (Table 1) , thus a general trend of the increasing mean temperature was noted from the collected data of 6 meteorological stations in different parts of Karelia and is presented in Fig. 1 (Trishkin et al. 2008) .
The objective of the study was to assess the potential impacts of climate change on the Heterobasidion spp. distribution in the Republic of Karelia. While the specific aims were: (i) to determine the occurrence of the pathogen, (ii) to evaluate the input of climate change on its development, (iii) to assess the input of forest management to the Heterobasidion spp. distribution in the Republic of Karelia.
MATERIAL AND METHODS
The study areas are located in the northwestern European part of Russia, in Russian Karelia. The field study has been carried out in six territorialadministrative districts (Prionezhsky, Pryazhinsky, Kondopozhsky, Olonetsky, Suoyarvsky, Pitkyarantsky), which are located in the southern part of Russian Karelia and correspond to the middle taiga zone ( Table 2 ). The tree species composition in Karelia is dominated by conifers. About half of the territory in the Republic of Karelia is occupied by forests, more than 50% are dominated by pine, one-third are spruce forests and about 10% are deciduous forests (Khlustov et al. 2007) .
During the field work 22 forest stands have been checked in total. The size of the cutting area varied from 1.0 to 23.7 ha. The average age of spruce trees varied from 70 to 150 years. Stand density varied between 540 and 1,280 stumps per hectare and most cutting areas were previously stands dominated by spruce, however no pure stands were among the chosen ones.
According to the methodology the field work includes visual observation of the stump cross-cut surfaces, establishment of sample plots and cutting discs from the stumps. The main objectives of the field work were fresh Norway spruce (Picea abies (Linnaeus) H. Karsten) stumps on fresh logging sites, which were harvested during the winter or spring time of 2007. The number of visually observed stumps was adjusted to represent 10% of the area, thus stumps were verified into 2 categories: healthy and decayed. The systematic sampling within the cutting site was done by making the sample plots of 10 × 10 m. Five plots were assigned per cutting site irrespective of its size. Within the sample plots tree species compositions were identified with measuring the diameters at the stump height. For the sampling and laboratory analysis phase 10 sample discs were taken from each cutting site. Discs from the spruce stumps were cut with a chainsaw making 1-2 cm thick discs, then they were immediately transferred into plastic bags to isolate them from outside infection. Incubation lasted for 7-10 days at room temperature and then the discs were analysed. Main assessment for identifying Heterobasidion spp. was their presence at the conidial stage. In order to argue the impact of climate change the climatic data were obtained from 4 meteorological stations in Karelia based upon two characteristics: mean annual temperature and number of days with the mean temperature above +5°C (Razuvaev et al. 1995) . Defined periods corresponded to two sets of 30-year intervals, from 1949 to 1978 and from 1979 to 2008. Moreover, based on the processed data from the stations the long-term 30-year modelling has been made.
RESULTS AND DISCUSSION
During the field work a total of 1,430 stumps were examined on 22 cutting sites, while the number of stumps per cutting site varied from 20 to 114. About 64% of visually observed stumps were identified as rotten and 36% as healthy (Table 3 ). The Table 2 . Location of the stands in Karelia proportion of rotten stumps varied from 13 to 55%. The number of rotten stumps is evidently high, and the respective consequences are wood losses. The laboratory analysis indicated that 97% of examined samples were rotten to a different extent. The amount of infected samples varied from 0 to 30% (Table 4 ). The proportion of samples infected by other agents was up to 90%; this number includes also mould fungi if their mycelium was found on the surface of the stumps. The results of an interview among forestry specialists revealed that most of the respondents were aware of the problem with Heterobasidion spp. while they estimated their knowledge of forest health issues as "high enough" and evaluated the real losses in forestry from 3 to 5% of the total harvesting volume.
According to Filatov the mean temperature in Karelia has evidently risen from 0.1 to 1.3°C during last 50 years (Filatov 2004) . Based on the obtained temperature statistics milder winters could be expected in the future, warmer springs and autumns, but slightly cooler summers.
Moreover, based on the data obtained from Razuvaev the long-term scenarios of main factors limiting the distribution of Heterobasidion spp. have been developed regarding mean annual temperature changes (Fig. 2) and number of days with mean temperature above +5°C (Fig. 3) . Both figures have evidently shown an increased number of days per year with mean temperature above +5°C and mean annual temperature changes, which have a positive influence on the distribution of Heterobasidion spp. infection and expansion of dispersal period and consequently increased wood damage due to the pathogen.
It can be seen from Table 1 that average temperature increased from 0.1 to 1.3°С. Fig. 3 shows demonstrably the changes in mean temperature, which have occurred during 50 years. Forest management has a huge impact on the current age structure of forests in Karelia which looks quite unevenly distributed, especially middle-aged and mature and overmature classes. About 31% of mature and overmature stands pose a potential threat to the forestry due to the fact that infection caused by Heterobasidion spp. could be accumulated in the stand. Thus, interviewing the enterprises showed that harvesting operations are applied quite evenly during the whole year, 54% during the winter and 46% during the summer time, which might imply a high risk of infected stumps during the warm period (Table 5) .
The revealed predominance of coniferous tree species in the Republic of Karelia, totally 88% are forests dominated by pine and spruce (Khlustov et al. 2007 ). There is a high potential infection threat of Heterobasidion spp. because it is restricted to coniferous species in the Northern Hemisphere. The current tree species age structure in Karelia reflects quite well the history of forest management in the territory. Karelian forests in their structure have uneven distribution of especially middle-aged and mature and overmature classes. Thus, about 31% of mature and overmature stands would mean that potentially Karelian forests could accumulate infection caused by Heterobasidion spp., as it was reported by Vasiliauskas (1981) for stands dominated by spruce. However, no attempts were made to correlate the amount of infection with the stand age in this research.
It should be admitted that on the Russian side, particularly in Karelia, domestic researches concerning Heterobasidion spp. are still missing. In addition, there is no official statistics in Karelia concerning Heterobasidion spp. occurrence, however Karelian scientists have suggested its potential existence and its scattered distribution has been identified in some parts of southern Karelia: in Kizhskij reserve and Valaam museum-reserve (Bondarceva et al. 2000) on spruce trees; in the Pudozsky district (Zavodovskiy 2005) on both spruce and pine dominated stands. Russian Karelia has a neighbouring location with Finland and also quite simi- (Korhonen, Piri 1994) . Vasilauskas and Stenlid reported that the S group is better adapted to growth in Norway spruce wood than the P group (Vasiliauskas, Stenlid 1998a ). Consequently, adequate measures and correctly chosen tree species and management approaches depending on a certain forest site may substantially decrease possible wood losses caused by Heterobasidion spp. according to experience from Sweden and Lithuania (Vollbrecht et al. 1995; Brandtberg et al. 1996; Daniel et al. 1998; Vasiliauskas, Stenlid 1998b; Wang et al. 2014) . Nevertheless, another vision in forest management approaches and in intensification of forest operations should be considered.
CONCLUSIONS
Insufficient sanitary conditions of spruce forests and existence of many pathogens were obtained from visual observations of the stumps. Thus, 36% of totally examined stumps on cutting sites were rotten, while the proportion of rotten stumps varied from 13 to 55%, huge fluctuation is distinguished by variation of the following factors: tree species composition, stand, number of stems per hectare, number of observed stumps per each site etc. However, evidences for comparison were found neither in Karelian nor in Russian official statistics. The laboratory sampling results showed 6% of infected samples by Heterobasidion spp., although its incidence varies up to 30%, moreover 45% of harvesting sites were infected by Heterobasidion spp. Obtained laboratory results are close to survey results, which makes them comprehensive. Survey results indicated 3-5% of the possible wood losses due to Heterobasidion spp. infection from total harvested spruce volumes; additionally respondents demonstrated high interest in the issues raised in the questionnaire, particularly in those concerning the problem of the butt and root rot occurrence.
It is noteworthy that global temperature has been rising and consequently climate change is one of the most obvious challenges we are currently facing. The spores of Heterobasidion spp. penetrate into the Norway spruce fresh stumps (Rishbeth 1951) mainly, while the temperature is above 0°C (Brandtberg et al. 1996) . Thus, long-term changes in mean annual temperature as well as the mean number of days with positive temperature will make climatic conditions favourable for Heterobasidion spp. in terms of the increased duration of dispersal period and its distribution in the northern direction. That fact has to be assumed, it may have a negative influence on the future health conditions and general impairment of forest stands in the Republic of Karelia. Temperature changes have an influence on the present forestry and awareness of the fact that has a huge impact on forests generally in the future.
